Abstract: This study investigated whether and to what extent does the High-Speed Railway (HSR) affect city-level housing prices. With the data of HSR operation and housing prices from 285 cities from 2009 to 2017, the paper aimed to estimate the quantitative relationship between HSR and city-level housing prices and exploited city and regional dummy variables to assess the disparities between regions, followed by the economic effects between typical city pairs. Our findings were as follows: (1) The introduction of HSR leads to a 13.9% increase in city-level housing prices, and the figures for national central cities and regional central cities were 31.7% and 19.6%, respectively; (2) regional imbalance was mitigated with the development of the HSR, and some central cities in underdeveloped regions were stimulated with regard to housing price growth; (3) siphon effects and diffusion effects were observed in megacity-small city pairs, while synergistic effects often lay in megacity-megacity pairs, and such effects all tended to be more significant with increases in the number of HSR lines and a drop in the travel time.
Introduction
To narrow regional imbalance is an important goal of sustainable economic development, especially in developing nations. With rapid economic growth following the opening-up policy, regional economic disparity has become a major challenge in China [1] . For instance, from 1978 to 1998, provinces located along the eastern and southern coast, such as Fujian and Guangdong, experienced very fast economic development, with an average annual real GDP growth rate of more than 10%, whereas the figures for other inland provinces, such as Gansu and Guizhou, were much slower, with an average growth rate of 6% [2] . In the most recent two decades, the disparity between different regions in China has expanded. Such an increased regional inequality has raised numerous concerns about social stability and economic sustainability [3] .
To address these challenges, the Chinese central government launched a series of policies to promote a coordinated regional economic development. Prime Minister Li Keqiang revealed that further development was not only critical to China's economic success, but a fundamental way to reduce regional disparities [4] . Similarly, national High-Speed Railway (HSR) corridors in China were initiatively designed to reduce regional disparity by connecting the developed east and south coastal provinces [5] , and therefore the implementation effect of the HSR network on this issue was worth worth evaluating [3] . The gap in housing price growth between cities and regions can result in direct social inequality, and the economic distribution effects of the construction of transport infrastructure exert similar consequences, and statistically, both of them have shown similar changes, fluctuating in 2012 and 2013 and increasing sharply after 2016 (Figure 1 ). In the last decade, housing price appreciation has been phenomenal in major Chinese cities, leading to concerns of real estate price bubbles and housing affordability as well as surges in assets for many Chinese households. For instance, Zheng and Saiz [6] found that Beijing had an annual average appreciation rate of 27.4%, and that the average annual growth for 35 cities was 14.3% between 2006 and 2013. In the meantime, China's HSR construction has been booming, and more and more Chinese can enjoy the convenience and accessibility improvements of HSR lines [3, 7, 8] . By the end of 2017, the operating mileage of China's railways nationwide was 127,000 km, of which 25,000 km was HSR lines, thereby accounting for about 66.3% of the global total operating mileage. Figure 1a shows the city-level housing price growth in China's high-speed rail hub cities (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) , and Figure 1b illustrates the operating mileage and year-on-year increase of China's HSR (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) . The development history of HSR network in China can be divided into three scenarios (details in Table A1 )，and we have also collected detailed information for HSR lines used in our dataset from 2009 to the end of 2017(details in Table A2 ).
(a) The existing HSR corridor maps of China with the cities it serves are presented in Figure 2 . Figure A1 shows the planned HSR corridors that will connect all provinces of China except Tibet by 2025. Specifically, having sped up, promoted, and spread nationally between 2009 and 2016, China's HSR network now serves all the prefecture-level cities, thereby presenting us with a representative case for investigating the relationship between HSR policy and city-level housing prices with special attention on regional disparity from a national perspective. The existing HSR corridor maps of China with the cities it serves are presented in Figure 2 . Figure A1 shows the planned HSR corridors that will connect all provinces of China except Tibet by 2025. Specifically, having sped up, promoted, and spread nationally between 2009 and 2016, China's HSR network now serves all the prefecture-level cities, thereby presenting us with a representative case for investigating the relationship between HSR policy and city-level housing prices with special attention on regional disparity from a national perspective. Whether or not China's ambitious HSR plan can be beneficial for economic development depends not only on the growth of real output, but also on the confidence of the market in the sustainable growth of the Chinese economy [9] . The underlying principle is that housing prices can reflect the economic effect of the current period, and more importantly the confidence of the residents in future economic growth. Moreover, city-level housing price is one of the most important factors affecting the competition between cities, especially between megacities and small cities. In this regard, city-level housing price typically represents the future development potential of the city.
Although the impact of rail infrastructure on housing prices has been examined extensively, research findings have not been consistent. Some have found that the improvement of rail transport facilities has a positive effect on housing values [10] [11] [12] [13] [14] , whereas others have found the impact is minor [15, 16] . Moreover, most analyses have been focused on urban rail projects, whereas the studies with a particular focus on the impact of intercity transport mode (such as the HSR) on the intracity issue （ such as the city-level housing price ） have been quite limited. The HSR differs from conventional railways (such as commuter rail, light rail and metro) in terms of service market and distance. Since HSR normally serves as a premium ground transportation mode, patrons who use the system are much different from those who use conventional rail services, especially in China, where the price differences are very large relative to income [17] . In addition, unlike an urban transit system, HSR provides an intercity transport service, normally by connecting major metropolitan centers with a distance between 160 and 800 km [18] . Because of the advantage of speed, HSR binds housing and labor markets together to a commuting region [19] , which may thus make commuting at a larger geographic scale become possible. Overall, since empirical research has been too limited so far, it is unclear whether there is any linkage between HSR development and the prosperity of the city-level real estate market nationwide in China. Whether or not China's ambitious HSR plan can be beneficial for economic development depends not only on the growth of real output, but also on the confidence of the market in the sustainable growth of the Chinese economy [9] . The underlying principle is that housing prices can reflect the economic effect of the current period, and more importantly the confidence of the residents in future economic growth. Moreover, city-level housing price is one of the most important factors affecting the competition between cities, especially between megacities and small cities. In this regard, city-level housing price typically represents the future development potential of the city.
Although the impact of rail infrastructure on housing prices has been examined extensively, research findings have not been consistent. Some have found that the improvement of rail transport facilities has a positive effect on housing values [10] [11] [12] [13] [14] , whereas others have found the impact is minor [15, 16] . Moreover, most analyses have been focused on urban rail projects, whereas the studies with a particular focus on the impact of intercity transport mode (such as the HSR) on the intracity issue (such as the city-level housing price) have been quite limited. The HSR differs from conventional railways (such as commuter rail, light rail and metro) in terms of service market and distance. Since HSR normally serves as a premium ground transportation mode, patrons who use the system are much different from those who use conventional rail services, especially in China, where the price differences are very large relative to income [17] . In addition, unlike an urban transit system, HSR provides an intercity transport service, normally by connecting major metropolitan centers with a distance between 160 and 800 km [18] . Because of the advantage of speed, HSR binds housing and labor markets together to a commuting region [19] , which may thus make commuting at a larger geographic scale become possible. Overall, since empirical research has been too limited so far, it is unclear whether there is any linkage between HSR development and the prosperity of the city-level real estate market nationwide in China. This study was intended to meet that need by establishing a theoretical framework and developing a fixed-effect model with a comprehensive dataset. It expands the existing research perspective of infrastructure on economic development, provides a more in-depth discussion of the externality of infrastructure investment, which is calculated quantitatively in terms of the reflection of the real estate market, and intensifies the understanding of HSR over regional disparity. The study differs from previous works in a number of ways.
First, it offers a framework to serve as the general theoretical underpinning for the empirical study that follows, which further assesses the linkages between HSR development and disparity in terms of changes in city-level housing prices, thus helping to deeply understand the systematic and causal relationship between HSR and housing price.
Second, unlike existing studies on this issue that employed provincial data or selected a single HSR line within a certain region to carry out research, this study utilized a nationwide dataset that included 285 Chinese cities during the period from 2009 to 2017, during which two great revolutions of China's HSR development were observed: In 2009, the Beijing-Tianjin Intercity Railway opened to traffic, which was China's first HSR line with a speed of over 350 km per hour and fully independent intellectual property rights, and by the end of 2015, China had basically completed its "four north-south and four west-east corridors" national HSR network. Thereby, almost all the prefecture-level cities were connected to the existing HSR network, except Lhasa in the Xizang (Tibet) Autonomous Region. As a result, this study was able to investigate the impact of the HSR on city-level housing prices in different stages of the HSR implementation policy. Furthermore, our research divided all the selected cities into three grades and three kinds of pairs according to several relevant policies promulgated by the state so as to better understand the difference in the impact that the HSR had on city-level housing prices between various city groups and city pairs.
The empirical findings were as follows: (1) The introduction of HSR leads to a 13.9% increase in city-level housing prices, and the figures for national central cities and regional central cities were 31.7% and 19.6%, respectively; (2) regional imbalances were mitigated with the development of the HSR, and some central cities in underdeveloped regions were stimulated with regard to housing price growth; (3) siphon effects and diffusion effects were observed in megacity-small city pairs, whereas synergistic effects often lay in megacity-megacity pairs, and such effects all tended to be more significant with increases in the number of HSR lines and a drop in the travel time.
The rest of the paper is organized as follows: Section 2 presents a literature review. Section 3 illustrates a theoretical framework of HSR development increasing the housing price. Section 4 depicts the data, defines the variables, and presents summary statistics and methodology. Section 5 presents empirical results, and Section 6 summarizes and concludes.
Literature Review
The development of the HSR served as an important influencing factor, or a vital intermediate variable of decision-making on real estate investment. One fundamental question is whether the development of HSRs exerts a positive effect on housing price growth. For a long period of time, researchers have had very different views on this. For example, Andersson et al. [15] studied the effect of the western HSR line in Taiwan on housing values in cities along it. Their results indicated that HSR accessibility had at most a minor effect on house prices, whereas a negative price effect associated with this issue has also been found, probably due to higher levels of noise or crimes [20] . Amid such disagreements, the literature on the HSR and changes in housing prices continues to expand with both theoretical models and advanced empirical methods.
A variety of theoretical models have been proposed to analyze the connection between rail system and housing price growth. Zheng and Kahn [9] noted that the efficient markets theory of asset pricing posits that housing price reflects the expected present discounted value of future rents. The theory suggests that changes in city real estate price dynamics should reflect the expected impact of major infrastructure investments. Moreover, a housing unit can be seen as a complex good composed of an array of individual attributes. Given such considerations, the hedonic theory suggests that the scale price of such a complex good can be expressed as a function of the specific combination of its characteristics [21] . In theory, public transport infrastructure generates two opposite effects, positive externalities based on improved accessibility to urban amenities and negative, proximity externalities linked to nuisance due to noise, increased traffic, and criminality.
However, there is also vast empirical literature on the issue. Regardless of whether the research perspective was macro or micro, the majority of the existing studies have observed positive results. Most previous studies, although limited in a single region, a certain city, or a typical HSR line, have found positive property value impacts of rail transit systems, and many of them relied on the Ordinary Least Squares (OLS) method [22] [23] [24] [25] [26] . A handful of studies conducted in Asian cities, such as Bangkok, Thailand [27] , Seoul, Korea [28] , and Beijing, China [16] , have found positive impacts on property values. A national-scale study also showed similar results, even though studies with similar dimensions were very few [9] . Some literatures focused on the impact of the HSR on housing prices, observing disparities both within and between cities. From an intracity perspective, some authors have suggested that the effect varies according to the characteristics of the stations and their location, types of rail mode, development stages, housing markets, and land-use characteristics [16, 26] . From an intercity perspective, the impact may considerably vary among cities depending on the actual ridership level [29] , and the type of clientele [23] . Bowes and Ihlanfeldt [23] suggesting that a good combination of transportation modes and the feasibility of multimodal trips can raise housing prices.
In sum, the linkage between HSR development and city-level housing prices involves complicated mechanisms that require careful consideration in the process of impact assessment. Although a positive link between rail system (or HSR) and housing price increase has been observed in most micro or macro cases, and a great amount of literature has partially studied the reason why disparities in the impact are significant both regionally and locally, the causal relationship between them has not been clearly addressed yet. Besides, studies of national scale have been very few, and their dataset has been limited in the length of time. Moreover, the city groups for most of the historical studies have been classified according to their geographic location (the east, the middle, the west), which is not reasonable for the rapid development of China's HSR network. Hence, there are two problems to be solved: (1) What role does HSR play in the transmission mechanism from gathered factors to changes in housing prices? (2) How and to what extent does the HSR network in China affect city-level housing price?
For the first problem, we developed a theoretical framework (details in Section 3) based on a great deal of historical literature relevant to this issue. To answer the second question, we did an empirical study from a national research scale using data from 285 cities in China (details in Sections 4 and 5) throughout 2009-2017, with just one HSR line at the beginning, and the existing national network, known as "the four north-south and four west-east HSR corridors", which covered almost all the prefecture-level cities in China by the end of 2015.
How the HSR Affects City-Level Housing Prices: A Theoretical Framework
This paper is interested in the role that HSR development has played in the changes of the city-level housing prices. The conceptual framework for assessing the linkages between HSR development and disparity measured in terms of changes in city-level housing price is illustrated in Figure 3 , which serves as a general theoretical underpinning for our empirical analysis. Note that the framework is also applicable to other modes of transportation. Although there are many variables that affect housing price, including population inflow, land supply, resource concentration, and others, transportation convenience becomes an important intermediate variable to facilitate the transformation from population and resource inflow, as well as economic growth to housing price increase. The operation of the HSR pushes a series of important variables to play a synergistic role, ultimately affecting housing price. Specifically, such a causal relationship can be analyzed from three dimensions: (1) The demand side, (2) the supply side, and (3) other external factors. From the demand side, HSR is an important part of the urban infrastructure system and also a typical kind of public product provided by the government, and it plays the role of "subsidy effect" of government public goods. Evidence has confirmed that the construction of the HSR generated short-term impacts on accessibility and connectivity, and it inevitably has had long-term impacts on the relocation, agglomeration, and diffusion of economic activities [30, 31] . Changes in connectivity caused by HSR lines played a more important role in economic development than in time saving [32] . HSR lines increased the connectivity of cities and mostly enlarged their market areas, so it was much easier for producers in peripheral cities to transport their products to core cities [33] . Government investment in HSR was not profitable in the short term, but it had a better economic environment, with the major cities showing strong increases in both population and employment, economic activities, and land values [34, 35] . Therefore, it might have boosted their economic growth and ultimately catalyzed an increase in housing prices, and vice versa.
From the supply side, there is a transmission mechanism from land price to housing price with both direct and indirect perspectives. On the one hand, the government's massive expropriation of land for public facilities (HSR) would competitively reduce the supply of residential land. On the other hand, after the introduction of the HSR, a city would further attract more construction of supporting infrastructure related to commercial, educational, or medical resources. Then, the rising demand for commercial land such as office buildings and factories would thereby squeeze the supply of residential land as well. As a consequence, the aggravated competition caused by the construction of the HSR in the land market could have a spillover effect on housing price [23] . .
In addition, there have been several other external reasons why the HSR has led to disparities with regard to changes in housing price between different cities. For instance, HSR has further reduced transaction costs and has improved efficiency by competing with other means of transportation, such as aviation [5, 36] and highways [37] . Moreover, the HSR network enhanced the connection between metropolis and small cities, as well as central cities and satellite cities, leading it to become much more conducive in terms of the division of labor to further specialization, thus facilitating inter-regional and intra-regional resource allocation to be more efficient [38] . Furthermore, HSR has proven to increase residents' duration of visit [39] , releasing long-suppressed travel demand and thereby supporting housing prices in some tourist cities. From the demand side, HSR is an important part of the urban infrastructure system and also a typical kind of public product provided by the government, and it plays the role of "subsidy effect" of government public goods. Evidence has confirmed that the construction of the HSR generated short-term impacts on accessibility and connectivity, and it inevitably has had long-term impacts on the relocation, agglomeration, and diffusion of economic activities [30, 31] . Changes in connectivity caused by HSR lines played a more important role in economic development than in time saving [32] . HSR lines increased the connectivity of cities and mostly enlarged their market areas, so it was much easier for producers in peripheral cities to transport their products to core cities [33] . Government investment in HSR was not profitable in the short term, but it had a better economic environment, with the major cities showing strong increases in both population and employment, economic activities, and land values [34, 35] . Therefore, it might have boosted their economic growth and ultimately catalyzed an increase in housing prices, and vice versa.
Variables, Data, and Methodology
From the supply side, there is a transmission mechanism from land price to housing price with both direct and indirect perspectives. On the one hand, the government's massive expropriation of land for public facilities (HSR) would competitively reduce the supply of residential land. On the other hand, after the introduction of the HSR, a city would further attract more construction of supporting infrastructure related to commercial, educational, or medical resources. Then, the rising demand for commercial land such as office buildings and factories would thereby squeeze the supply of residential land as well. As a consequence, the aggravated competition caused by the construction of the HSR in the land market could have a spillover effect on housing price [23] .
In addition, there have been several other external reasons why the HSR has led to disparities with regard to changes in housing price between different cities. For instance, HSR has further reduced transaction costs and has improved efficiency by competing with other means of transportation, such as aviation [5, 36] and highways [37] . Moreover, the HSR network enhanced the connection between metropolis and small cities, as well as central cities and satellite cities, leading it to become much more conducive in terms of the division of labor to further specialization, thus facilitating inter-regional and intra-regional resource allocation to be more efficient [38] . Furthermore, HSR has proven to increase residents' duration of visit [39] , releasing long-suppressed travel demand and thereby supporting housing prices in some tourist cities.
This section defines variables and describes data. We used city-level data to examine the relationship between HSR development and housing price growth in China. To measure housing values, we made use of a number of financial variables and economic indicators.
Variables
Traditional indicators of housing prices have been employed by existing inner-city studies, such as city's own population (POP), the market potential (MP) variable (defined as the distance weighted purchasing power of neighboring cities), and other inner-city factors affecting housing price growth, such as greenery, healthcare, education, highway, rail, and military [9, 40] . This paper makes use of some financial indicators, such as saving and loans [41] , to avoid the interference from financial bubbles on research results. On the one hand, real estate investment is greatly influenced by the supply of financial supply, and on the other hand, national macro policy control is generally by means of financial means, which can partly serve as government regulation. The definition and descriptive statistics of the variables are shown in Table 1 . 
Samples and Data
According to Chinese government administrative classifications, there are three levels of cities in China: Municipalities, prefecture-level cities, and county-level cities. There are four municipalities: Beijing, Shanghai, Tianjin, and Chongqing, and all of them are governed directly by the central government and are not subject to the administration of any provincial government. Each province in China has about 10 prefecture-level cities, which are governed directly by the provincial government. A county-level city is usually governed by a prefecture-level city. In this paper, a "city" refers to either a prefecture-level city or a municipality.
The study area included all the prefecture-level cities and municipalities, limited to the mainland of China (excluding Hong Kong, Macao, and Taiwan). Thus, 285 cities were chosen as the objects for this study, and they could be divided into three types according to several "City Classification Criteria" officially announced by the state: It was considered to be no airport when the following two situations occurred: (1) The airport was licensed for operating permission, but there were no flights opened yet, and (2) the airport shut down for a certain year for the reason of long-term maintenance.
Note that the HSR and rail data were collected at the beginning of the year, whereas others were gathered by the end of the year, and all the data for a year was treated as the same period in our study.
Methodology
This study used the operation of the high-speed rail in China as a natural experiment to test the effects of transport infrastructure networks on city-level housing price. We used a fixed effect model (FE) to get the baseline regression, and a Generalized method of moments (GMM) estimation of dynamic panel data model as a robustness check. We also developed a regression model with city classification dummies and regional dummies to further study the economic impact.
Baseline Regression: Fixed Effect Model
Our panel data analyses used data over the period 2009-2017 for 285 cities. To investigate the relationship between the high-speed railway and housing prices, our baseline regression model was:
where i indexes one of the 285 cities and t indexes one of the years, and the dependent variable y i,t is the logarithm of urban average housing price. Our key variable, hsr i,t , is the dummy variable, which represents whether the ith city had HSR in the panel data. An HSR operating in the city was hsr i,t = 1, and otherwise, hsr i,t = 0. The lag term, hsr i,t−1 , was included in the regression results to investigate the dynamic impact of HSR on housing price; pop i,t , air i,t , rail i,t , save i,t , and loan i,t are control variables; pop i,t represents the level of population; air i,t represents whether the city owned an airport or not; rail i,t represents whether the city owned an ordinary railway or not; save i,t and loan i,t represent the financial development of the city; u i is unobserved city-specific fixed effects; and ε i,t is an idiosyncratic error term. A fixed effect model was adopted to estimate the baseline regression, with the assumption that the population being sampled was normally irregularly-distributed, as a common variance and additive error structure is often violated in OLS analysis. The Hausman specification test was conducted to test for orthogonality of the common effects and the regressors, assessing whether a fixed effect model was preferred to a random effect model. A least squares dummy variable (LSDV) approach was used to estimate the baseline regression, which included all the city's dummy variables using the first city, Beijing, as a benchmark city. To address the time-lagged effect of HSR on housing price, the first lagged value of the dummy variable hsr i,t−1 was included in the baseline regression as a substitute variable of current value.
Dynamic Panel Data Model
The efficient markets theory of asset pricing posits that real estate prices reflect the expected present discounted value of future rents. This theory suggests that changes in city real estate price dynamics should reflect the expected impact of major infrastructure investments [9] . Considering the dynamic process of housing prices, we developed a dynamic panel data model:
where the set of right-hand-side variables includes the lagged dependent variable y i,t−1 , which includes the entire history of the right-hand-side variables in the equation, so that any measured influence is conditioned on this history. In the dynamic panel data model, the correlation between the lagged dependent variable y i,t−1 and the compound disturbance u i + ε i,t makes the LSDV estimators for panel data inconsistent even if ε i,t is not serially correlated, since the same u i enters the equation for observation in group i. We then estimated Equation (2) using the difference-GMM approach (Arellano and Bond, 1991) as well as the system-GMM approach (Arellano and Bover, 1995; Blundell and Bond, 1998).
Two specification tests suggested by Arellano and Bond [42] , Arellano and Bover [43] , and Blundell and Bond [44] were carried out: (1) The first was the Sargan test for overidentification restrictions, which tests the overall validity of the instruments, where under the null hypothesis that the instruments are valid, the test statistic is asymptotically distributed as a chi-square with the degree of freedom being equal to the number of instruments minus the number of parameters estimated; (2) and the second was the second-order serial correlation test, which examines the hypothesis that the error term ε i,t is not serially correlated. Under the null of no second-order serial correlation, the test statistic is asymptotically distributed as standard normal.
Regression Model with City Classification Dummies and Regional Dummies
Chinese cities were divided into three types according to several City Classification Criteria officially announced by the state. There were 9 national central cities, 27 regional central cities, and 249 other prefecture-level cities. We introduced city classification dummy variables and cross terms to study the heterogeneity of different classification cites. The regression model with city classification dummies was
where N i and R i are city classification dummy variables. When the city was a national central city, N i = 1, and otherwise, N i =0. When the city was a regional central city, R i = 1, and otherwise, R i = 0.
The vector x i,t is a set of control variables used in Equation (1) . Hence, we could rewrite the regression model for national central cities, regional central cities, and other prefecture-level cities in Equations (4)- (6):
According to the level of economic development, China's provinces could be defined as eastern, central, and western regions. The eastern provinces covered Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, Guangxi, and Hainan. The central provinces covered Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan. The western provinces covered Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. We used a similar strategy to introduce regional dummies into our regression model, and thus the definitions East i and Central i were regional dummies for cities. When the city was an eastern city, East i = 1, and otherwise, East i = 0. When the city was a central city, Central i = 1, and otherwise, Central i = 0.
Empirical Results

Results of Baseline Regression and Dynamic Panel Data Model
The results from the baseline estimations are summarized in Table 2 and suggested that HSR exerted a significant positive impact on city-level housing prices, and that the extent of the impact for hsr t was larger than that for hsr t−1 , which can be explained by the following two major reasons. First, there was probably a psychological expectation that housing prices would grow before an HSR line was officially announced to be constructed in the city. Besides, the sale of China's commercial residential housing generally adopts the pre-sale system, stimulating housing prices before the operation of the HSR. We also investigated the results of hsr t−n , and the coefficient of hsr t−n was not significant. One of the underlying reasons could be that inconvenient public services, facilities, and infrastructures were not available when the HSR line was newly put into service, and also another reason was that real estate system often takes one year for pre-sale. Notes: Cities in Tibet were excluded from the sample due to missing data. The standard errors are in parentheses; *** the significance levels are at 1%; ** the significance levels are at 5%; * the significance levels are at 10%.
Considering the dynamic process of housing prices, an alternative estimation was by use of the GMM approach through the dynamic panel data estimation. One advantage of the GMM approach was that it helped reduce the problem of multicollinearity among the explanatory variables and endogeneity between the dependent and explanatory variables. The results of first-differenced GMM and the system GMM estimations are displayed in Table 2 , comparatively. Our results, that the introduction of HSR increased the city-level housing price, were robust when including both the lagged dependent variable y i,t−1 and the lagged independent variable hsr i,t−1 in the dynamic panel data model.
To be more specific, HSR, population, and financial development had significant positive impacts on housing prices in the baseline regression, which suggests that housing prices in our sample cities in the HSR network were primarily driven by demand and improved infrastructure. From the first-differenced GMM estimations and the system GMM estimations, similar and positive impacts could be considerably observed among HSR, population, and financial development, while varying in degree. For instance, from the baseline regressions in Table 2 , HSR served as a vital variable in the intercity context when assessing the changes in housing prices, and it stimulated housing prices growth by 13.9%.
Results of City Classification Dummies and Regional Dummies (National-Scale)
Impacts Varied between Different City Dummies
The result of the impact distribution in different city hierarchies are shown in Table 3 , and we made a comparison between pooled data and panel data. With regard to the impact that HSR had on city-level housing prices, disparities were found between cities of different hierarchies, consistent with several former studies [9, 15] . The average effect in national central cities (N, large cities) was found to be much stronger than regional central cities (R, medium cities) and other prefecture-level cities (O, small cities). Statistically, the impact of HSR on housing prices was significant both in national central cities and regional central cities, whereas no visible relationship could be observed in small cities. Notes: Cities in Tibet were excluded from the sample due to missing data; *** the significance levels are at 1%; ** the significance levels are at 5%; * the significance levels are at 10%.
In the pool model, we could use the dummy variables N and R as explanatory variables, whereas in the FE model, the introduction of the dummy variables for each city was a perfect multicollinearity problem between city dummy variables and city classification dummy variables, so the N and R dummy variables, which represented the city class, were excluded in the FE model. In Table 2 , The introduction of HSR leads to a 13.9% increase in city-level housing prices. However, in Table 3 , the percentage of the impact in national central cities and regional central cities was 31.7% and 19.6%, respectively.
In terms of other attributes, again, both the coefficient of population and financial development were statistically significant, whereas the coefficients of the railway and airport were not significant.
The Regional Imbalance Narrowed
Moreover, for the reason of sharing similar regional environments and location characteristics, the operation of HSR was expected to have both a direct effect on and an interrelationship with housing prices. The results of the impact between different regions are also shown in Table 4 , regressed with pooled data and panel data separately. The results show that city-level housing prices were gradually decreasing from the east to the west in the pooled data model, which means that there were disparities between regions to a certain extent. However, with the introduction of HSR, the regional gap shrunk. Statistically, the evidence is that the coefficients of hsr*east and hsr*central were not significant, whereas the figure for hsr, representing the western region, was 0.145 and significant at the 1% level in the fixed effect model. Notes: Cities in Tibet were excluded from the sample due to missing data; *** the significance levels are at 1%; ** the significance levels are at 5%; * the significance levels are at 10%.
The other interesting finding from Table 4 was that our finding was completely opposite to that of Sun and Yuri [45] . HSR promoted the development of some national and regional central cities in the relatively underdeveloped central and western regions of China in terms of a rise in housing prices. These key cities were represented by Chongqing, Chengdu, Xi'an, Zhengzhou, and Wuhan in the existing network. Such HSR hub cities often have a large economy scale and a number of amenities, entertainment, educational and medical resources, infrastructure, and service facilities of comparatively higher quality, thus attracting people from the surrounding small cities or rural areas, as previous studies have shown [35] , and consequently increasing the final demand of the sectors in the cities, such as housing demand.
Subsample Estimations with More Inner-City Explanatory Variables (35 Key Cities)
The baseline research on 285 cities may have had some limitations. First, a large number of small cities only opened an HSR in recent years, so we could not observe the long-term effects. Second, the housing price data for small cities in earlier years were not provided on the website (ANJUKE, https: //anjuke.com). Third, factors such as policies of limited purchase, land use, the subway, and others are all important in a city-level housing price study, but it is difficult to obtain such sufficient data in small cities. Thus, in this section, we developed a more detailed study on 35 key cities that introduced the HSR as the first group, and the data were more official and detailed. The definition and descriptive statistics of variables for the subsample estimations are shown in Table 5 . Note that the airport explanatory variable was dropped as a result of all the selected key cities having airports. The results for the subsample estimations are in Table 6 , which were similar with the baseline regression results in Table 3 . Significantly, the introduction of HSR led to 20.7% for city-level housing price growth. Moreover, purchasing restriction policies did not work immediately on housing prices, which may have been the result of the long interval in our statistical investigation, while such policies can reduce and stabilize housing prices to a certain extent within one year. Furthermore, the introduction of a new subway can boost the housing prices, but such an impact was even smaller than that of the HSR has on the city-level housing prices. Notes: The standard errors are in parentheses; *** the significance levels are at 1%; ** the significance levels are at 5%; * the significance levels are at 10%.
Impacts Varied between Different City Pairs (Micro-Scale)
As already reviewed in Section 3, the HSR network could strengthen the connection between metropolis and small cities, as well as central cities and satellite cities, leading it to become much more conducive in terms of the division of labor with further specialization, thus facilitating inter-regional and intra-regional resource allocation to be more efficient (Pol, 2003; De Rus, 2008) . In this section, in order to further understand the temporal and spatial distributions of the effect that HSR had on city-level housing prices, we made use of more intracity variables, such as the number of HSR lines passing through the city , and intercity variables, such as urban scale (Begoña et al., 2018) and least travel time between selected typical city pairs (as used in Zhu. et al, 2017), and studied from a micro scale to reinforce the former research.
There are three kinds of economic effects: The siphon effect (also called the trickle-down effect), the diffusion effect, and the synergistic effect. According to Myrdal G. (1971) , the siphon effect means that the places and regions where economic activity is expanding will attract net population inflow, capital inflow, and trade activities from other regions, thus accelerating their own development and reducing the development speed of their surrounding areas. The diffusion effect means that all areas located around the center of economic expansion will receive capital and talent from the central region, and will be stimulated to promote the development of the region: As the infrastructure in the expansion center area improves, it gradually catches up with the central area. Myers (1993) indicated that the synergistic effect constitutes the compounded impact of two or more processes interacting in such a manner that their product is greater than the sum of their separate effects. Our results show that economic effects varied between different city-pairs: The siphon effect and the diffusion effect were observed in megacity-small city pairs, whereas the synergistic effect often lay in megacity-megacity pairs, and such effects all tended to be more significant with increases in the number of HSR lines and a drop in the travel time.
Impacts between Megacity and Small City Pairs
This type of city group is a difference in city scale, and travel times are small between them (about 30 min). As shown in Figure 4 , the siphon effect (signaled by the yellow rectangles) and the diffusion effect (signaled by the blue rectangles) were observed in such city pairs, and the extent of economic characteristics came to be more considerable when the number of HSR lines of a megacity went up. With regard to the spatial distribution pattern, the siphon effect occurred in the north and inland hinterlands, such as in the city pair of Jiaozuo and Zhengzhou, Baoji and Xian, Tangshan and Tianjin, Beijing and Langfang, and the shorter the time distance between cities, the more significant the siphon effect was. Comparatively, the diffusion effect was observed in the southeastern coastal area, such as in Shanghai and Suzhou, Zhongshan and Guangzhou, and such an economic phenomenon tended to be more significant when travel time decreased. 
Impacts between Megacity (or Central City) Pairs
This type of city group was similar in city scale, whereas travel time between them was comparatively longer than the previous group, generally between 1 h and 1.5 h. Figure 5 illustrates the impact between such city pairs. A synergistic effect, or economic integration (signaled by the purple rectangles), were observed in such pairs, whereas there was no obvious difference between the north and the south. It was interesting to find that the synergistic effect tended to be more conspicuous when travel time descended, such as Nanjing and Hefei, and when the difference 
This type of city group was similar in city scale, whereas travel time between them was comparatively longer than the previous group, generally between 1 h and 1.5 h. Figure 5 illustrates the impact between such city pairs. A synergistic effect, or economic integration (signaled by the purple rectangles), were observed in such pairs, whereas there was no obvious difference between the north and the south. It was interesting to find that the synergistic effect tended to be more conspicuous when travel time descended, such as Nanjing and Hefei, and when the difference between the number of lines in the two HSR hub cities went down. However, the simultaneous fall in housing prices in the pair of Dalian and Shenyang, in northeast China, may have been due to siphons from other major HSR hubs, such as Beijing and Tianjin, or to the weak economy of the two cities themselves. Figure 4 . The impact of HSR on housing price: relationship between megacity and small city pair. Source: Authors collected and drew according to "http:// www.nra.gov.cn/".
This type of city group was similar in city scale, whereas travel time between them was comparatively longer than the previous group, generally between 1 h and 1.5 h. Figure 5 illustrates the impact between such city pairs. A synergistic effect, or economic integration (signaled by the purple rectangles), were observed in such pairs, whereas there was no obvious difference between the north and the south. It was interesting to find that the synergistic effect tended to be more conspicuous when travel time descended, such as Nanjing and Hefei, and when the difference between the number of lines in the two HSR hub cities went down. However, the simultaneous fall in housing prices in the pair of Dalian and Shenyang, in northeast China, may have been due to siphons from other major HSR hubs, such as Beijing and Tianjin, or to the weak economy of the two cities themselves. 
Conclusions
During recent years, real estate values in China have experienced exponential growth and have attracted a lot of attention both from the public and the government. Even allowing for the increase in demand, housing speculation is generally regarded as a major attribute, but the improvement of transportation infrastructure such as the HSR may also play a role. The purpose of our study was to empirically investigate whether and to what extent did the HSR development affect the city-level 
During recent years, real estate values in China have experienced exponential growth and have attracted a lot of attention both from the public and the government. Even allowing for the increase in demand, housing speculation is generally regarded as a major attribute, but the improvement of transportation infrastructure such as the HSR may also play a role. The purpose of our study was to empirically investigate whether and to what extent did the HSR development affect the city-level housing prices in China, which provided a more in-depth discussion of the externality of infrastructure investment, which was calculated quantitatively in terms of the reflection of the real estate market.
This study was carried out with the aid of a dataset containing information both on HSR and housing prices, as well as financial, population, and transport variables for 285 Chinese municipalities and prefecture-level cities during 2009-2017. This study used the operation of the HSR in China as a natural experiment to test the effects of the HSR network on city-level housing prices, and then employed an FE model to get the baseline regression and GMM estimation of dynamic panel data models as robustness checks. To assess the city disparities and regional imbalance, city classification dummies and regional dummies were included in our econometric regression. Economic effects such as the siphon effect, diffusion effect, and synergistic effect were also studied with typical city pairs.
This study had three main findings: First, The introduction of HSR leads to a 13.9% increase in city-level housing prices, and the figures for national central cities and regional central cities were 31.7% and 19.6%, respectively. Second, regional imbalance was mitigated with the development of the HSR, and some central cities in underdeveloped regions were stimulated with regard to housing price growth. Third, the siphon effect and diffusion effect were observed in megacity-small city pairs, whereas the synergistic effect often lay in megacity-megacity pairs, and such effects all tended to be more significant with an increase in the number of HSR lines and a drop in the travel time.
However, even though the results could offer some insights for researchers into the space-time economic law in China and other countries in terms of the economic impact that the HSR has on housing prices, it is still worth noting that China's unique political structure is likely to allow it to implement megaprojects efficiently. Chinese governments have strong power in supplying state-owned land, spending public money, and ignoring the possibly negative effects (such as noise) of HSRs on nearby residents. The other thing one should note is that the research findings were subjected to specific selected data samples and only reflected the case of the newly constructed HSR lines, served by G-and C-prefix bullet trains between 2009-2017. In further research, more detailed proxy variables will be included, such as intercity factors, including the spatial distance between cities, the number of passengers traveling via HSR, HSR volume, and intracity factors such as the number of HSR stations and the distance from stations to the city center. Moreover, other variables affecting housing prices, such as green rate and educational and medical variables, are also worth being considered. 
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Appendix A
See Tables A1 and A2, Figure A1 . Table A1 . Introduction of China's HSR network system (from the past to the future). The first newly built HSR line, from Beijing to Tianjin, operated.
Scenario
2008-2015
The HSR network expanded rapidly and newly built HSR lines were introduced annually and on a massive scale:
2015
The "four north-south and four west-east corridors" national HSR network was basically completed by the end of 2015.
Period of realizing a miraculous national HSR network (2016-2025).
2016
The Mid to Long-Term Railway Network Plan (revised in 2016).
2025
Formulating the "eight vertical and eight horizontal corridors" national HSR network.
Source: Authors collected data according to the website of the National Railway Administration of the People's Republic of China, http://www.nra.gov.cn/. 
